Changes in blood pressure, pulse rate and plasma catecholamine levels during induction of anaesthesia with ketamine 2 mg/kg were studied in 13 adults and 12 children. Six adults and 6 children received only ketamine, whereas in 7 adults and 6 children ketamine was followed by suxamethonium 1 mg/kg, intubation and nitrous oxide/oxygen mixture. Both kinds of induction caused a rise in the systolic blood pressure, which amounted to 40-50 mm Hg in adults and to about 20 mm Hg in children. The only significant increase in total plasma catecholamine levels (about 50 per cent above resting level) occurred 2 minutes after ketamine-suxamethonium induction in adults. The increase was due to both noradrenaline and adrenaline. The results suggest that the ketamine-induced pressure response in man may be partly due to sympathetic stimulation.
Ketamine has a biphasic action on the cardiovascular system; an initial depression is followed by stimulation (Dowdy and Kaya, 1968) . The initial depression, seen especially after higher doses of the drug, is attributable to a direct negative inotropic effect on the myocardium (Dowdy and Kaya, 1968) . The stimulant action, which appears as an increase in arterial pressure and heart rate (Traber, Wilson and Priano, 1968) , is more prominent after clinical anaesthetic doses (Faithfull and Haider, 1971) . In dogs the positive chronotropic response and part of the pressor response seem to be related to blockade of the vagus nerve (Traber, Wilson and Priano, 1970a) .
But central sympathetic stimulation may also be responsible for the pressor response since this is abolished by high epidural block (Traber and Wilson, 1969) or by pretreatment with the ganglion blocking agent, hexamethonium (Traber, Wilson and Priano, 1970b) . It has been suggested that the central sympathetic stimulation is due to a diminution in the frequency of discharge of baroreceptors (Dowdy and Kaya, 1968) . In accordance with these observations Dundee and associates (1971) reported an increase in plasma catecholamine levels after ketamine injection in 14 of 17 patients. More detailed information about the behaviour of catecholamines after ketamine injection does not, however, appear to have been reported. We have therefore measured plasma catecholamine levels after ketamine administration in adults and children. 
PATIENTS AND METHODS
There were 13 adults scheduled for elective general surgery and 12 children scheduled for elective ophthalmic surgery. Table I shows their distribution between the two treatment groups. The general condition of the patients was good, and their cardiovascular function was normal, as shown by clinical and X-ray examinations in all patients and by e.c.g. (12 leads) in adult patients. All were given preanaesthetic medication of atropine 0.01 mg/kg and pethidine 1 mg/kg, by intramuscular injection, 30-45 min before induction. All measurements were performed in the induction room. The largest accessible vein was cannulated and a slow infusion of 10 per cent invert sucrose started. When cardiovascular stability had been achieved (three consecutive similar readings of arterial pressure and heart rate) control blood samples were drawn. Anaesthesia was then induced with ketamine 2 mg/kg injected into the side arm of the drip over 90 sec. In one group in each age class (table I), no other agents were used during the 7 min recording period. In the other two groups suxamethonium 1 mg/kg was given immediately after induction and anaesthesia was maintained after endotracheal intubation with a nitrous oxide/oxygen mixture (5 and 2 l./min) using a semiclosed system, ventilation being controlled manually. Anaesthesia was continued in the usual manner, after the recording period.
Arterial pressure and pulse rate were measured before and 2, 5 and 7 min after induction. The former was measured to the nearest 5 mm Hg by auscultation, using the same arm. The same observer 
Catecholamine determinations.
Blood samples for catecholamine measurements were collected from the cannulated cubital vein before and at 2 and 5 min after induction.
The details of the technique used for sampling and quantitative determination of adrenaline (A) and noradrenaline (NA) in the plasma were the same as described previously (Tammisto et al., 1971) . The method was based on the principles described by Vendsalu (1960) .
For each determination an 18 ml sample of blood was needed. Perchloric acid was used in the deproteinization of the plasma. For purification of the extracts Dowex 50 x 4 columns were used in hydrogen form. The elution was performed with N-hydrochloric acid. The A and NA in the eluate were determined spectrophotofluorometrically after oxidation with potassium ferricyanide and subsequent rearrangement to adrenolutine and noradrenolutine. The fluorescenses of the lutines of A and NA were measured at different wavelengths. A standard Aminco-Bowman spectrophotofiuorometer was employed. Faded blanks and reagent blanks were calculated as described by Vendsalu (1960) . Internal standards were generally used by adding a known amount (0.005-0.2 fig) of A or NA or both to the plasma samples. Recovery by the method was 82 + 4 (SE) % of A and 78 + 6 (SE) % of NA. Duplicate extractions on plasma samples gave results that varied no more than 10%.
RESULTS
The mean changes in arterial pressure, heart rate and total plasma catecholamines in adults and children in connection with the two modes of induction are shown in figure 1.
Both forms of induction (ketamine alone and ketamine with suxamethonium) caused a rise in the systolic pressure. Thus the highest mean increase after ketamine alone was measured at 5 min after induction and amounted to 51 + 5 (SE) mm Hg in adults as against 23 + 3 mm Hg in children. The difference between the groups was statistically significant (P<0.001). After ketamine and suxamethonium the mean maximum increases were 39 + 11 mm Hg and 18 ±5 mm Hg respectively but here the difference between the groups was not statistically significant (P>0.05). The diastolic blood pressure behaved similarly to the systolic pressure but the changes were slightly less. The increase in heart rate was similar in adults and in children. The level of total plasma catecholamines increased statistically significantly after ketamine with suxamethonium induction in adults, but not in children. The increase amounted to about 50% (0.37 + 0.12 (SE) /xg/l.; P<0.05) 2 min after induction. Both noradrenaline and adrenaline levels were raised ( fig.  2 ), but the increase in adrenaline level alone (0.22 ± 0.07 Aig/1.) was statistically significant (P<0.05). After ketamine alone, the increase of total catecholamines was not statistically significant in adults. An insignificant increase in noradrenaline levels was also measured in children 5 min after ketamine+ suxamethonium. In children the difference in the preanaesthetic adrenaline levels between the two groups (table I) was statistically significant (P<0.05). This surprising difference is reflected also in total plasma catecholamines, though here the difference between the groups was not statistically significant.
DISCUSSION
The hypertensive action of ketamine has been considered to be alarming, especially in old patients, in whom the tolerance of the cardiovascular system cannot be guaranteed (Corssen and Domino, 1966) . In the present study the increase in arterial pressure was more pronounced in normotensive adults than in children, but we did not encounter difficulty in consequence of this cardiovascular stimulation. This is in accordance with the results reported by Zohairy and Siddiqui (1971) , Knox and associates (1970) and Gjessing (1968) . Arrhythmias were not observed in the present series, but the electrocardiogram was monitored continuously only in the adults. This finding is supported by the results of Faithfull and Haider (1971) , who employed ketamine for cardiac catheterization procedures in patients with cardiac abnormalities and did not observe any irregularities of rhythm. It has also been proposed that the drug has anti-arrhythmic properties (Dowdy and Kaya, 1968) . Although only the pressor effect of ketamine has been observed in most of the series published, yet there are some data on cardiovascular depression. Dowdy and Kaya (1968) found cardiovascular depression in dogs followed after 1-3 min by the pressor effect in "fewer cases" as an initial reaction to ketamine. Gjessing (1968) also reported a fall in systolic blood pressure after ketamine 1 mg/kg in one patient of forty. Faithfull and Haider (1971) observed hypotension in 17.5% of children with different degrees of cardiac abnormalities, which in 15% they considered as attributable to ketamine. In the present study we found in one patient a decrease of 55 mm Hg in systolic pressure followed in 5 min by a pressor response up to 25 mm Hg above the initial level.
The cause of the ketamine-induced hypertension has been assumed to depend partly on the central sympathetic stimulation (Traber and Wilson, 1969) possibly caused by a diminution of frequency discharge of baroreceptors (Dowdy and Kaya, 1968) . In the present study the increase in plasma catecholamines was equivocal after ketamine alone but statistically significant after ketamine + suxamethonium in adults.
In the latter group the short-lasting increase in catecholamine levels might also be related to laryngoscopy and intubation, since these procedures have been shown to cause sympathetic stimulation (Tomori and Widdicombe, 1969) . However, in our previous study no rise in plasma catecholamines was found in connection with the increase in blood pressure occurring during laryngoscopy after thiopentone followed by suxamethonium or propanidid + suxamethonium induction (Takki et al., 1972) . It might therefore be speculated that the increase in plasma catecholamines which was insignificant after ketamine alone becomes more marked when combined with the sympathetic stimulation caused by laryngoscopy and intubation. The results, therefore, suggest that sympathetic stimulation may play a role in the ketamine-induced pressure response in man, too. This suggestion is supported by the results of Dundee and associates (1971) who reported increased catecholamine levels after ketamine. If this is so, then changes in plasma catecholamine levels seem to reflect slight or regionally restricted sympathetic stimulation relatively poorly; a suggestion in accordance with our previous observations and with the elimination mechanisms of neuronally liberated catecholamines (CalHngham, 1971) .
On the other hand, a rise in blood pressure of about 40 mm Hg, with a coexisting negligible increase in plasma catecholamines, can hardly be attributed entirely to sympathetic stimulation. This is supported by the fact that the pentazocine-induced increase in arterial pressure was found to be less (about 25 mm Hg) but was associated with a higher increase in catecholamines (Tammisto et al., 1971) . Moreover, in dogs blockade of the vagus nerve (Traber, Wilson and Priano, 1970a) and in man also adrenocortical stimulation (Oyama, Matsumoto and Kudo, 1970) have been suggested as accounting for the pressor response. The likelihood of an adrenomedullary component has also been questioned by Traber, Wilson and Priano (1970c) since beta blockade does not reduce the pressor response in dogs. Phentolamine, however, obtunded the pressor response and therefore Traber, Wilson and Priano (1971) assume that the sympathetic portion of the pressor response is mediated through neural alphaadrenergic activity.
Les variations de la pression arte'rielle, de la frequence cardiaque et du taux des catecholamines plasmatiques, observe'es au cours de la phase d'induction d'une anesthesie par la Ketamine (2 mg/kg) ont €i€ e'rudiees chez treize adultes et douze enfants. Six adultes et six enfants ont recu uniquement la Ke'tamine, tandis que ^administration de celle-ci a et£ suivie de celle de suxamethonium (1 mg/kg), 
CETAMINA Y CATECOLAMINAS DEL PLASMA

RESUMEN
Fueron estudiados en trece adultos y doce nifios los cambios en la presiqn arterial, frecuencia del pulso y niveles de las catecolaminas del plasma durante la induccidn de anestesia con cetamina (2 mg/kg). Seis adultos y seis nifios recibieron solamente cetamina, en tanto que en siete adultos y seis nifios la cetamina fue seguida por suxametonio (1 mg/kg), intubation y una mezcla de oxido introso/oxigeno. Ambas dases de induccibn causaron una elevation en la presion arterial sist61ica, que fue de 40-50 mm Hg en los adultos y aproximadamente 20 mm Hg en los nifios. El linico incremento significativo en los niveles de catecolaminas plasmaticas totales (aproximadamente el 50 por ciento por encima del nivel de reposo) ocurrio 2 minutos despues de la induccidn con cetaminasuxametonio en adultos. Este incremento era debido a noradrenalina y adrenalina. Estos resultados sugieren que la respuesta de la presion arterial inducida por cetamina pudiera ser parcialmente debida a una estimulacion simpatica.
